To determine the frequency and severity of serious complications associated with varicella in Quebec; the frequency and severity of cases of congenital varicella; and hospital costs associated with hospitalizations for varicella. STUDY DESIGN: All hospitalizations related to varicella were identified through the use of a hospital data bank and pertinent data were collected from hospital records. SETTING: Province of Quebec with a population of 6,895,960 people. STUDY POPULATION: All cases with a principal or secondary diagnosis of varicella hospitalized in Quebec between April 1, 1994 and March 31, 1996. OUTCOME MEASURES: Types of complications and reason for hospitalization, risk of complications and calculation of associated costs were studied. RESULTS: Nine hundred nine eligible hospitalizations were identified between April 1, 1994 and March 31, 1996. In all, 583 (64.1%) hospitalizations were for the treatment of complications, 127 (14.0%) for administration of intravenous acyclovir and 199 (21.9%) for supportive care. Healthy people accounted for 644 (70.8%) hospitalizations and immunosuppressed individuals for 136 (15.0%). Among children, one-half of the principal complications were skin infections, while 13.5% and 8.4% of principal complications were pneumonia and neurological complications, respectively. Among adults, the most common complication was pneumonia, with a rate of 43.5%, followed by thrombocytopenia and skin infections, with rates of 22.2% and 14.8%, respectively. The complication rate was 29.2 cases/10,000 cases of varicella. CONCLUSIONS: Although perceived as a benign childhood disease by the general population, varicella may be accompanied by severe complications. Morbidity associated with varicella is one of the elements that must be considered when evaluating the usefulness of varicella vaccine.
V aricella is usually a benign disease in children. More severe forms of the disease and complications occur proportionately more frequently among adolescents, adults and immunosuppressed people (1) (2) (3) . In the United States, the average annual number of hospitalizations for varicella has been estimated at 3837, 70% of which were among children under the age of 10 years (1) . The risk of hospitalization increases with age: 42 and 127 hospitalizations/10,000 cases were reported for 15-to 19-year olds and for adults 20 years old and over, respectively, compared with about 10 hospitalizations/10,000 for children aged 14 years and younger (1) .
According to an American study of 4884 cases of varicella carried out over two years in the early 1990s, 100 presented at least one complication, for a rate of 205 cases with complications/10,000 cases of varicella, and 30 had to be hospitalized (hospitalization rate 61/10,000) (2) .
Among people 19 years of age or younger, skin and soft tissue infections were predominant, and were the cause of over 50% of hospitalizations; among adults, varicella pneumonia was the most common complication. Among both groups, encephalitis, dehydration and hepatitis were among the other, less common causes of hospitalization (2) .
In Canada, the Canadian Medical Association Journal (4) noted a rate of 2.3 hospitalizations/100,000 in 1984, with hospitalization rates of 27.5/100,000 among infants younger than one year of age, 17.5/100,000 among one-to four-year olds and 5.5/100,000 among five-to 14-year olds (4) . In a university-affiliated paediatric hospital in Calgary, Alberta, serving a population of 1.2 million and with approximately 6500 admissions/year, 165 children were hospitalized for varicella (2.6 cases of varicella/1000 admissions) between January 1, 1983 and December 31, 1992 (5) .
In the present study, we evaluated the morbidity associated with varicella using hospitalized cases and costs related to these hospitalizations.
PATIENTS AND METHODS

Identifying hospitalizations:
The Med-Echo database is the hospital discharge data registry in which all admissions to Quebec acute care hospitals are entered. With the authorization of the directors of professional services, the authors asked the archives department of each hospital in the province of Quebec to search their local Med-Echo database for all hospitalizations having code 052 as the principal or secondary diagnosis from April 1, 1994 to March 31, 1996 . No discrepancy was noted between a preliminary list that was received from the provincial database and the list prepared by each hospital.
The Immunization Monitoring Program, ACTive (IMPACT) is a network of 11 Canadian paediatric hospitals, which monitors vaccine-preventable diseases (6) . At the three Quebec participating hospitals, a nurse from the research team compared the list drawn up from the Med-Echo database with the one obtained from the IMPACT file to identify hospitalizations not found in the Med-Echo database. Data collection: A research nurse reviewed all hospitalization records; each hospitalization was validated and pertinent data were collected using a standardized questionnaire. If a varicellaassociated hospitalization involved a pregnant woman, the newborn's file was also examined for congenital varicella.
Definitions of certain variables:
Complications were classified as major or minor. Major complications were, in order of decreasing importance, necrotizing fasciitis, bacteremia or septicemia, neurological complications and pneumonia. Minor complications were skin infections (excluding necrotizing fasciitis), hepatitis and thrombocytopenia. For patients presenting with a major and a minor complication, the major complication became the principal one. For those presenting more than one major complication, the previously mentioned order of importance determined the principal complication.
Hospitalizations were divided hierarchically into three mutually exclusive groups according to the reason for hospitalization: complication associated with varicella; in the absence of complications, treatment with intravenous acyclovir; and supportive care in the absence of complications and acyclovir treatment.
The patients' state of health was determined according to three categories: healthy if no chronic health problems were noted in the file; immunosuppressed in one of the following circumstances -currently receiving chemotherapy or radiotherapy for cancer, immunosuppression treatment for transplantation, oral or intravenous corticotherapy, excluding topical or inhaled corticosteroids, congenital immune deficiency, or HIV infection regardless of level of immunodeficiency; or having another health condition.
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CONCLUSIONS :
Bien que perçue comme une maladie infantile bénigne par la population générale, la varicelle peut s'accompagner de complications graves. La morbidité associée à la varicelle est l'un des éléments dont on doit tenir compte lorsque l'on évalue l'utilité du vaccin contre la varicelle.
To calculate age-specific rates of complication, the annual number of cases with complications obtained in the study for each age group was used as the numerator (subsequent hospitalizations in the same hospital or in a specialized centre were removed from the initial numbers), and the annual number of varicella cases, using incidence rates obtained by Boulianne et al (7) for age groups under 10 years of age, was used as the denominator. For those aged 10 years and older, incidence rates calculated in the United States by the National Center for Health Statistics (USA) were used and corrected for under-reporting (1). Calculation of hospitalization costs: Hospitalization costs were calculated using the hospital performance evaluation system of the Ministère de la Santé et des services sociaux du Québec (8) . This calculation is based on the Niveau d'intensité relative des ressources utilisées (NIRRU), an index reflecting the relative use of resources for each hospitalization classified according to its All-Patient Refined Diagnostic-Related Group (APR-DRG). These APR-DRGs comprise 1530 groups of clinically homogeneous patients requiring an equivalent level of resources. They are based on diagnosis, severity and probability of poor outcome.
The NIRRU was based on costs per APR-DRG for typical patients established in Maryland in 1994. The cost for each APR-DRG was divided by the mean cost for all hospitalizations to obtain a relative weight, where 1.00 corresponded to the mean. This index was then adjusted to take into account the differences in lengths of stay between Maryland and Quebec.
Taking into account the net costs by field of activity (emergency room, outpatient clinics, hospitalizations, etc) in each acute care hospital in Quebec, the average cost of an acute care hospitalization can be calculated by dividing the total cost of episodes of acute care hospitalization by the total number of hospitalizations ($2817 in 1995). By multiplying the NIRRU attributed by the Med-Echo system to each hospitalization by the average provincial cost of acute care hospitalizations, the cost of each hospitalization was calculated (8) . Statistical analysis: Data collected were entered and analysed using Epi-Info 6.04b (Centers for Disease Control and Prevention, USA). Ethical considerations: The Montreal Public Health Department research ethics committee approved the project.
RESULTS
Eligibility:
A total of 1103 hospitalizations were in the MedEcho database. Nineteen patient records could not be consulted. Of the 1084 hospitalizations reviewed, 183 patients were considered ineligible: 140 because the varicella at admission was not linked to the reason for hospitalization or because the varicella during hospitalization had no impact on hospital stay; 11 because patients did not live in Quebec; and 32 because the 052 code was wrong.
Among the 901 eligible hospitalizations, varicella was the principal diagnosis for 488 (54.2%) and the first secondary diagnosis for 232 (25.8%). Varicella was the principal diagnosis or one of the first three secondary diagnoses for more than 98% of patients.
Another eight episodes (patients in a chronic care ward that could not have been found in the Med-Echo database) were registered in IMPACT. It was decided to include these patients because they were treated for complications or received intravenous acyclovir. On the other hand, the exhaustivity of IMPACT was not verified. In all, 706 (79.8%) children (under age 18 years) and 179 (20.2%) adults (age 18 years or older) needed 909 hospitalizations: 863 people were hospitalized once, seven hospitalized in a primary care hospital and then transferred to a specialized centre; 14 were hospitalized twice in the same hospital; and one was hospitalized four times in the same hospital.
Analysis of hospitalizations:
The distribution of hospitalizations by age is shown in Table 1 . The average age of children and adults was 3.6 and 33.9 years, respectively. Of 909 hospitalizations, 583 (64.1%) were to treat one or several complications, 127 (14.0%) to receive intravenous acyclovir and 199 (21.9%) to give supportive care ( The median delay between the onset of illness and hospitalization was three days for children and adults (one day for immunosuppressed children). The median hospital stay was three days for children and four days for adults. Approximately 12% of children stayed in hospital more than seven days compared with 25.3% of adults. Although almost all the immunosuppressed children and close to 90% of immunosuppressed adults received intravenous acyclovir, slightly less than one-quarter of all children received intravenous acyclovir; this proportion rose to almost 60% among adults.
Complications analysis:
Five hundred seventy people were hospitalized 583 times for complications and presented with 753 complications (Table 3) . Among the 753 complications, 297 (39.4%) were skin infections, 134 (17.8%) pneumonia, 80 (10.6%) thrombocytopenia and 46 (6.2%) neurological complications. Among children, one-half of the complications were skin infections, followed by pneumonia and neurological complications, 13.5% and 8.4% of principal complications, respectively. Among adults, the most common complications were pneumonia (43.5% of complications), thrombocytopenia (22.2% of complications) and skin infections (14.8% of complications).
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Risk of complications:
The overall risk of complication was 29.2 cases with complications/10,000 cases of varicella (Table 4). Although the number of varicella cases and complications among adults aged 20 years and older was much lower than among the birth to 19 years age group, the rate of complications was 10 times greater (289.7 versus 24.3 cases with complications/10,000 cases). Pregnancy, varicella and congenital varicella: During the two-year study period, 25 women were hospitalized for varicella during pregnancy. Their median age was 28 years (range 15 to 35 years) and the median gestational age was 30 weeks (range nine to 40 weeks). In all, 11 women (44%) presented with a complication, seven of whom had pneumonia. Eight (32%) received intravenous acyclovir. No cases of congenital varicella were reported among the 23 of 25 records of newborns that could be reviewed. However, one case of congenital varicella was discovered upon reviewing a newborn's file in which the 052 code was entered in the hospitalization summary. The diagnosis was made postpartum. The mother had had varicella around the 20th week of gestation but had not been hospitalized. Deaths: Five deaths associated with complications were identified. An 11-year-old girl with asthma, who was not immunosuppressed, was admitted for septic shock and disseminated intravascular coagulation (DIC) on the third day that she had varicella. She died two days after admission. A 43-year-old man with asthma, immunosuppressed because of systemic corticotherapy, was admitted for pneumonia, septic shock and DIC on the third day that he had varicella; he died the day after admission. A 41-year-old woman with leukemia, who was immunosuppressed, was admitted for pneumonia and septic shock on the first day that she had varicella; she died 20 days after admission. An 84-year-old man with heart failure was admitted for cellulitis and pneumonia on the second day that he had varicella; he died 48 days after admission. A 25-yearold man, in the terminal phase of Hodgkin's lymphoma, was admitted for pneumonia on the eighth day that he had varicella; he died the day after admission.
The death rate was 2.6/100,000 cases for the overall population, 0.5/100,000 for birth to 19-year olds, and 111.4/100,000 for people aged 20 years and older. Analysis of costs associated with hospitalizations related to varicella: The treatment of varicella or its complications required 4280 hospitalization days, 74.9% of which were among people aged 18 years and younger. Moreover, 60.2% of all hospitalization days were for healthy people, compared with 26.5% for people with immunosuppression and 13.3% for people with a health problem other than immunosuppression. The average cost for the type of hospitalization by health condition can be found in Table 5 . The average NIRRU for all varicella hospitalizations was 0.889 (range 0.172 to 11.761). The average cost of a hospitalization was $2,504 and the total cost for all hospitalizations in both years was $2,276,136. The average cost of hospitalization was $2,336 (range $483 to $17,252) for a child and $3,159 (range $544 to $33,132) for an adult.
Healthy children represented 50.5% of all hospitalization costs. Although the average cost of hospitalization for an immunosuppressed child ($3347) was much higher than a child in good health ($2177), the overall cost of hospitalizing immunosuppressed children was only 13.5% of all costs.
DISCUSSION
The goal of the present study was to quantify varicellaassociated morbidity in Quebec. By looking only at hospitalized cases, we were unable to obtain a complete picture of general morbidity associated with varicella. In addition, it is possible that some hospitalizations were incorrectly coded, and thus overlooked by our reviewers. Furthermore, because the study was limited to two years, it was difficult to evaluate accurately the mortality or incidence of congenital varicella, both very rare events. However, by validating all hospitalizations directly through hospital records, we were able to calculate the risk of severe complications precisely.
In Quebec, varicella causes about 450 hospitalizations every year, of which 80% are among children. Although morbidity is often associated with varicella in adults and immunosuppressed children, almost 60% of all hospitalizations were for healthy children; these hospitalizations represented half of the costs. The complication rates calculated by Choo et al (2) were five to six times higher than our rates, because Choo looked at all complications, whether or not the patient was hospitalized. The overall hospitalization rate calculated using our data (46.6 hospitalizations/10,000 cases, data not shown) is, however, comparable with that obtained by Choo et al (2) (43/10,000). Hospitalization rates by age group are also comparable, except among adults whose hospitalization rate in our study was almost four times higher than the rate found by Choo et al (2) (487.5 versus 125/10,000 cases).
Hospital costs obtained with the NIRRU were higher than the costs that we would have obtained had we used the method based on the cost of a one-day hospitalization in an acute care hospital (per diem). With this last method, the cost of an average stay (4.7 days), based on the 1995 per diem of $379 (9), would have been $1,781, and total hospitalization costs would have been $1,605,065, compared with $2,817 and $2,276,420, respectively, in our study.
However, the difference is much less than that observed between our cost calculation and the one reported by Law et al (10) . In Law's study, the cost of hospitalizing a child with varicella complicated with a minor skin infection is estimated at $5,060 compared with $2,104 in our study. The finding that costs were calculated based on a daily hospitalization rate of $978 in tertiary care paediatric hospitals may explain the difference (11).
We did not find any studies that compared or validated these two cost calculation methods. The method based on NIRRU is used more and more because it takes into account the use of resources and the severity of the disease for each hospitalization, among other reasons. Estimated costs should be closer to the real costs.
Although the general population perceives varicella as a benign childhood disease, it can be accompanied by severe complications. Morbidity associated with varicella is one of the elements that has to be considered when evaluating the usefulness of varicella vaccine.
